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In the Claims 



All pending claims are reproduced below for the convenience of the Examiner. Claims 
that have been changed by this amendment are labelled asj'amended." 





Please cancel claim* l-Sv without prejudice 
Please add the following claims: 
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88. (new) A n^ethod for providing force feedback to the user of a graphical user interface 
displayed by a computei^system and for aiding a user in manipulating a user-controlled cursor 
and in targeting graphicaTWements in said graphical user interface, said graphical elements 
interfacing said user to fiinctior^of said computer system, the method comprising: 

enabling a reception of data^presenting a displayed location of said user-controlled 
cursor within said graphical user interfacfe&displayed on a display screen of said computer system, 
a determination of said displayed location^S^ed upon signals received from a user interface 
device that represent the motion of a manipullfeyyle physical object in at least one degree of 
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freedom, said interface device coupled to said computer system and including an actuator for 
applyinOT^lectronically modulated forces to be felt by said user, wherein said forces are 
modulated^ a function of the location of said physical object in said at least one degree of 
freedom; 

enabling akelection of a force sensation to be output to said user based at least in part on 
said data representing said displayed location, wherein a plurality of targets displayed within said 
graphical user interface are associated with target force sensations that are output to said user, 
wherein said targets allw said user to interface with operating system functions implemented by 
said computer system, aigi wherein a particular target is associated with at least two different 
ones of said target force sensations, said force sensations being different such that said actuator 
changes its force output basad on said force sensation to be output, a first one of said different 
force sensations selected to ti^output to said user when said cursor is moved from a position 
outside a boundary of said particular target to a position inside said boundary, a second one of 
said different force sensations sel%ted to be output to said user when said cursor is moved from 
^ a position inside said boundary to a isjosition outside said boundary; and 

^^T* enabling a producing of a sigjff^l to cause said selected force sensation to be output as 
i/™ forces to said user by said actuator. 



89. (new) A method as recited in olaim 88 wherein a third one of said different force 
sensations is selected to be output to said us^when said cursor is moved within said particular 
target inside said boundary. 

90. (new) A method as recited in claim 8?^/herein said first one of said different force 
sensations provides an attractive force that assists sai^user in bringing said cursor into said target 
boundary. 

91. (new) A method as recited in 90 wherein said second one of said different force 
sensations provides a barrier force that resists motion of sayd user object in moving said cursor 
out of said boundary. 

92. (new) A method as recited in 88 wherein said force ^lsations provide different force 
magnitudes. 

93. (new) A method as recited in 88 wherein said third ^ne of said different force 
sensations is one of a vibration sensation and a texture sensation. 

94. (new) A method as recited in 88 wherein said first one^jf said different force 
sensations provides an attractive force that assists said user in bringing said cursor upon said 
target, and wherein said second one of said different force sensations is a bamer force that resists 
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said user in removing said cursor from said target such that a magnitude of said attractive entry 
force is different than a magnitude of said resistive exit force. 

95. (new)V^ method as recited in claim 91 wherein said particular target is a menu item in 
a pull down menuVnd wherein said barrier force helps said user from overshooting a particular 
menu selection in said menu item with said cursor. 

96. (new) A method as recited in claim 88 wherein a history of sensor readings is used to 
determine if said cursor i\ moving into or out of said boundary. 

97. (new) A methoc^as recited in claim 88 wherein said second one of said different force 
sensations is not output as "rarces by said actuator if said particular target has been selected by 
said user prior to moving said\ursor from inside to outside said boundary. 

98. (new) A method as recited in claim 88 wherein said third one of said different force 
sensations is no longer output aA forces by said actuator after said particular target has been 
selected by said user, provided that^aid cursor has not exited and re-entered said boundary. 

99. (new) A method for providing force feedback to the user of a graphical user interface 
displayed by a computer system, said usejt using an interface device including a physical object 
contacted and moved by said user in a plurality of degrees of freedom, an actuator for imparting 
an electronically modulated force to said u ^^> and a sensor apparatus for providing a locative 
signal responsive to and corresponding witl&manipulation of said object in said degrees of 
freedom, wherein a displayed cursor has a location correlated to said physical object as indicated 
by said locative signal, the method comprising: % 

receiving an indication that said cursor is interacting with at least one graphical object 
displayed in said graphical user interface; \ 

determining a collision force to be output by said actuator of said interface device, said 
collision force based on a force sensation associated with%aid cursor interacting with said at least 
one graphical object; \ 

scaling a magnitude of said collision force, wherein Said scaling is based on a current 
velocity of said cursor in said graphical user interface, said scaling being performed after said 
collision force is determined; and \ 

outputting said scaled collision force to said physical objegt by said actuator of said 
interface device. % 
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100. (new) A method as recited in claim 99 wherein said cursor is assigned a mass and 
said mass influences said magnitude that is scaled. 

101. (new) A method as recited in claim 99 wherein said force sensation is associated 
with all graphical objects having a particular type, wherein said at least one graphical object has 
said particular typV 

102. (new) AVnethod as recited in claim 99 wherein said graphical user interface displays 
graphical objects of a plurality of types, said types including icons, windows, and menu items. 



103. (new) A methodvof creating a tactile user interface performed on a computer system, 
wherein a user feels force sensations when a graphically displayed cursor interacts with a 
graphical object associated witl\a function of said computer system and displayed in a graphical 
user interface on a display device\and a location of said cursor on said display device is updated 
based on a received indication of movement of a physical object that is manipulated by said user, 
said physical object being included ^i a human interface device that outputs said indication to 
said computer system, said method comprising: 

defining a graphical object as a pass-through object or a solid object; 

associating said solid object with a rorce sensation; 

if said cursor has entered a region associated with said solid object, enabling the sending 
of a signal to said human interface device, said signal representing said force sensation, wherein 
said human interface device outputs said force sensation to said user using at least one 
electronically-modulated actuator; and \ 

if said cursor has entered a region associateavwith said pass-through object, disabling said 
signal to said human interface device such that said human interface device does not output said 
force sensation to said user using said at least one electronically-modulated actuator. 



104. (new) A method as recited in claim 103 wherein said force sensation is defined by 
sensation parameters. 

105. (new) A method as recited in claim 104 wherein said sensation parameters include a 
duration parameter that indicates the time duration for which said force sensation should execute. 
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\ 106. (new) A method as recited in claim 103 wherein said force sensation is a vibration 
sensation. 

lOv. (new) A method as recited in claim 104 wherein said sensation parameters include 
magnitude, frequency, and duration parameters. 

108. (mew) A method as recited in claim 103 wherein said force sensation is a texture 
sensation. \ 

109. (new)\A method as recited in claim 103 wherein said graphical object is an icon. 

110. (new) A method as recited in claim 103 wherein said graphical object is a menu 
item. \ 

1 1 1. (new) A metlu)d as recited in claim 103 wherein said graphical object is a hyperlink 
on a web page. \ 

112. (new) A method afc recited in claim 103 wherein said signal is a high-level command 
including said sensation parameters. 



113. (new) A method of creatmg a tactile user interface on a computer system wherein a 
user feels force sensations when a graphically displayed cursor interacts with a particular 
graphical object displayed in a graphical user interface on a display device, and a location of said 
cursor on said display device is updatedVbased on a received indication of movement of a 
physical object that is manipulated by said user, said physical object being included in a human 
interface device that outputs said indication to isaid computer system, said method comprising: 

enabling the association on said computed system of a first type of graphical object with a 
first force sensation, said first type of graphical object associated with a first user interface 
function, said first force sensation represented by first sensation parameters; 

enabling the associating on said computer system of a second type of graphical object 
with a second force sensation, said second type of graphical object associated with a second user 
interface function, said second force sensation represented by second sensation parameters 
having different values from said first sensation parameters; 

determining on said computer system if said particular graphical object is of said first 
type or of said second type; \ 
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in said cursor has entered a region associated with said particular graphical object based 
on movement of said physical object, and if said particular graphical object is of said first type, 
enabling a \ending of a signal from said computer system to said human interface device, said 
signal representing said first force sensation, wherein said first force sensation is output to said 
user using an electronically-modulated actuator of said human interface device; and 

if said cursor has entered said region associated with said particular graphical object 
based on movement of said physical object, and if said particular graphical object is of said 
second type, enabling a sending of a signal from said computer system to said human interface 
device, said signal representing said second force sensation, wherein said second force sensation 
is output to said user usmg an electronically-modulated actuator of said human interface device. 

114. (new) A method as recited in claim 113 wherein said first sensation parameters 
include a duration parameter tW indicates the time duration for which said first force sensation 
should execute. \ 

115. (new) A method as recited in claim 113 wherein a magnitude of said first force 
sensation is different from a magnitude of said second force sensation. 

116. (new) A method as recited in claim 113 wherein said first force sensation is a 
vibration, wherein said parameters representing said first force sensation include magnitude, 
frequency, and duration parameters. \ 

117. (new) A method as recited in claim 113 wherein said first force sensation is a 
texture. \ 

118. (new) A method as recited in claim 113 wherein said first type of graphical object is 
an icon and said second type of graphical object ^s a menu item. 

1 19. (new) A method as recited in claim M3 wherein said first type of graphical object is 
a menu heading and said second type of graphical object is a menu item. 

120. (new) A method as recited in claim 1 1 A wherein said first type of graphical object is 
a hyperlink on a web page. \ 

121. (new) A method as recited in claim 113 Wherein said signal representing said first 
force sensation or said signal representing said seqpnd force sensation is sent to a local 
microprocessor included in said interface device and separate from said computer system, said 
local microprocessor receiving said signal as a high leveAcommand and executing a local routine 
corresponding to said command to output said force sensation. 
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\K22. (new) A method of creating a tactile user interface using a computer system wherein 
a user feels forces when a graphically displayed cursor interacts with a particular graphical object 
displayed iri a graphical user interface on a display device, said graphical object associated with a 
function of said computer system, and a location of said cursor on said display device is updated 
based on an inclication of movement, received over a communication bus, of a physical object 
that is manipulated by said user, said physical object being included in a human interface device 
that outputs said indication to said computer system over said communication bus, said method 
comprising: \ 

creating a mapping with said computer system that associates each of a plurality of types 
of graphical objects inlaid graphical user interface with at least one of a plurality of force 
sensations using said computer system, at least two of said assigned force sensations being 
different and represented byvsensation parameters including a magnitude and a duration; 

if said cursor has entered a boundary of a region associated with said particular graphical 
object, selecting with said computer system an appropriate one of said force sensations based on 
said mapping, said type of said particular graphical object, and a direction of motion of said 
cursor within said graphical user interface; and 

enabling a sending of a sigjialMrom said computer system to said human interface device 
over said communication bus, said signal representing said selected force sensation, wherein said 
selected force sensation is output to saick user using an electronically-modulated actuator of said 
human interface device. \ 



123. (new) A method as recited in cflaim 122 wherein said types of graphical objects 
include at least one icon type, menu item type, and window type. 

124. (new) A method as recited in claim 122 wherein said signal sent over said 
communication bus is a high level host commanfl that includes at least one of said sensation 
parameters. \ 

125. (new) A method as recited in claim 122 wherein said sensation parameters include a 
frequency. \ 

126. (new) A method as recited in claim 122 wierein said magnitude of said selected 
force sensation is determined in part by a velocity of said cursor. 

127. (new) A method as recited in claim 122 wherein said selected force sensation is a 
jolt sensation. \ 
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1£8. (new) A method as recited in claim 122 wherein said selected force sensation is a 
vibration sensation. 

129. (new) A method as recited in claim 122 wherein said selected force sensation is a 
texture sensation\ 

130. (new) V. method as recited in claim 122 wherein said signal representing said 
selected force sensatrbn is sent to a local microprocessor included in said interface device and 
separate from said conrouter system, said local microprocessor receiving said signal as a high 
level command and executing a local routine corresponding to said high level command to output 
said selected force sensation. 



131. (new) A method of assisting a user in manipulating a computer displayed cursor in a 
graphical menu displayed on a dismay screen of a computer system and in targeting elements in 
said graphical menu, the method comprising: 

determining if a particular graphical element in said graphical menu with which said 
cursor interacts is associated with a force\ensation, wherein a displayed location of said cursor is 
based upon signals received from said mterface device that represent motion of said user 
manipulatable object, and wherein said interface device includes an actuator for outputting 
electronically modulated forces to said user; and 

causing the application of a force sensation to said user by said actuator, said force 
sensation based on a position or movement of said user manipulatable object which causes said 
cursor to interact with said particular one of said elements of said menu, wherein said force 
sensation is a snapover force provided between elements of said menu. 



132. (new) A method for providing force feedback to the user of a graphical user interface 
displayed by a computer system and for aiding a user iA manipulating a user-controlled cursor 
and in targeting graphical elements in said graphical usfer interface, said graphical elements 
interfacing said user to functions of said computer system, tnb method comprising: 

receiving data from a user interface device that represent the motion of a manipulatable 
physical object in at least one degree of freedom, said interface Mevice coupled to said computer 
system and including an actuator for applying electronically modulated forces to be felt by said 
user, wherein said forces are modulated as a function of the location of said physical object in 
said at least one degree of freedom; \ 
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sleeting a force sensation to be output to said user based at least in part on said received 
data, wlie^ein a plurality of targets displayed within said graphical user interface are associated 
with target Vbrce sensations that are output to said user, and wherein a particular target is 
associated wuh at least two different ones of said target force sensations, said force sensations 
being different such that said actuator outputs forces based on parameters having different values 
for each of saidVorce sensations, a first one of said different force sensations selected to be 
output to said use\ when said cursor is moved from a position outside a boundary of said 
particular target to \ position inside said boundary, and a second one of said different force 
sensations selected to\e output to said user when said cursor is moved from a position inside 
said boundary to a positron outside said boundary; and 

enabling the outpuKof a signal to cause said selected force sensation to be output as forces 
to said user by said actuator> 




133. (new) A method of cheating a tactile user interface on a computer system wherein a 
user feels force sensations whenYi graphically displayed cursor interacts with a particular 
graphical object displayed in a graphical user interface on a display device, and a location of said 
cursor on said display device is upemted based on a received indication of movement of a 
physical object that is manipulated by said user, said physical object being included in a human 
interface device that outputs said indication to said computer system, said method comprising: 

enabling an association on said computer system of a first type of graphical object with a 
first force sensation, said first type of graphical object associated with a first user interface 
function, said first force sensation represented W at least one first sensation parameter; 

enabling an association on said computensystem of a second type of graphical object with 
a second force sensation, said second type of graphical object associated with a second user 
interface function, said second force sensation represented by at least one second sensation 
parameter having different values from said at least one first sensation parameter; 

enabling a determination on said computer sWem of a type of said particular graphical 
object, said type being one of said first type or said second type; 

if said cursor is within a region associated with said particular graphical object based on 
movement of said physical object, and if said particular graphical object is of said first type, 
enabling a sending of a signal from said computer systeiA to said human interface device, said 
signal representing said first force sensation, wherein said first force sensation is then output to 
said user using an electronically-modulated actuator of said hiujian interface device; and 
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if said cursor is withiimaid region associated with said particular graphical object based 
on movement of said physical Object, and if said particular graphical object is of said second 
type, enabling a sending of a signkl from said computer system to said human interface device, 
said signal representing said secona^orce sensation, wherein said second force sensation is then 
output to said user using an electronically-modulated actuator of said human interface device. 
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